Exercise has been found to be effective for prevention of weight gain and maintenance of a stable weight in adults. The objective of this study was to evaluate the effect of a school-based aerobic exercise program on the obesity indexes of preschool children. Subjects were 292 second-year elementary school pupils from 2 kindergartens in Hat Yai municipality, Songkhla province, southern Thailand. A specially designed exercise program, including a 15-min walk before beginning the morning class and a 20-min aerobic dance session after the afternoon nap, 3 times a week, was conducted for 29.6 wk. Weight, height, and triceps skinfold thickness were measured 4 times. At the end of the study, the prevalence of obesity, using 95th percentile National Center for Health Statistics tricepsskinfold-thickness cutoffs, of both the exercise and control groups decreased. That of the exercise group decreased from 12.2% at baseline to 8.8% (Wilcoxon signed-rank test, P = 0.058), whereas that of the control group decreased from 11.7% to 9.7% (Wilcoxon signed-rank test, P = 0.179). A sex difference in the response of body mass index (BMI) to exercise was observed. Girls in the exercise group had a lower likelihood of having an increasing BMI slope than the control girls did (odds ratio: 0.32; 95% CI: 0.18, 0.56). In conclusion, our study suggests that a 29.6-wk school-based exercise program can prevent BMI gain in girls and may induce a remission of obesity in preschoolage children.
INTRODUCTION
An increasing prevalence of obesity in children has been documented (1) (2) (3) . A long-term follow-up showed that obese children become obese adults with cardiovascular, gastrointestinal, endocrinologic, and orthopedic morbidity and mortality (4) . Success in treatment of preadolescent obesity was shown to depend on frequency of visits (5) . As in adults, the maintenance of weight reduction after treatment is poor in children (1, 6) . In obese 6-12-y-old children treated with a family-based protocol, weight was reduced 11.2% at 5 y and 7.5% at 10 y of follow-up (6) . A preventative intervention in early childhood would be a better approach.
Weight gain is the result of imbalance between dietary intake and energy expenditure. Strict dietary control in young children may be harmful to their linear growth and final height. The energy cost of physical activity is the most variable component of energy expenditure and the most subject to change (7) . Our previous questionnaire study showed a significant association of low exercise rate with obesity in children, with a relative risk of 2.6 (8) . With use of a motion sensor, adiposity in 4-8-y-old children was found to correlate inversely with high daytime activity (9) . In the Framingham Children's Study, the preschool children with low levels of physical activity were 3.8 times more likely to gain more triceps subcutaneous fat than were the more active children (10) . Exercise has been advocated for prevention of weight gain and maintenance of a stable weight in adults (11, 12) . It was also recommended as one of the modalities for prevention of childhood and adolescent obesity (13) . However, no evidence that we are aware of supports such advocacy in preschool-age children. In this study, we used a controlled trial to examine the effect of a school-based aerobic exercise program on the obesity indexes of preschool children.
SUBJECTS AND METHODS

Subjects
Two kindergartens in Hat Yai municipality of Songkhla province in the southern part of Thailand were selected. They were both privately owned with comparable curriculum standards and similar background characteristics of pupils. Principals of both kindergartens agreed to have this study integrated into the schools' activities. On the basis of their advice, we chose to do the study in the second-year pupils because these children have been acquainted with schools and teachers and would cooperate well with our study program. For the schools' convenience, all activities were organized by class. Hence, half of the classes of second-year pupils of each school, ie, 2 classes each from school 1 and 3 classes each from school 2, were ranEffects of a controlled trial of a school-based exercise program on the obesity indexes of preschool children [1] [2] [3] domly allocated to either the exercise group or control group. Parental consent was obtained and the study was approved by the Committee for Research in Humans, Faculty of Medicine, Prince of Songkla University.
Intervention
Current exercise guidelines to achieve cardiorespiratory fitness for 6-17-y-olds is a minimum of 20 min of vigorous physical activity ≥ 3 d/wk (14) . Using this guideline, the Superkids/Superfit exercise program for elementary school children has achieved an improvement in physical fitness (15) . Following the same guideline, our specially designed exercise program included a 15-min walk before the morning class began and a 20-min aerobic dance session after the afternoon nap 3 times/wk. The aerobic session was led by our trained personnel. A log was kept on the participation of each subject. The intervention started in June 1995 and ended in February 1996 for a total of 29.3 and 30 wk of exercise for each of the schools.
We did not interfere with the routine school activities. Both schools had 1 h of physical education per week. One school (school 1) also provided an extra swim class for 1 h/wk. The names of the children who took this swim class were recorded and adjustments were made for them in statistical analysis.
Diet was not controlled in this study. Each school provided lunch and 2 snacks for every child. Pupils were also allowed to bring extra snacks.
Baseline data collection
Baseline demographic and family data were collected by a questionnaire completed by parents. Family data included parental weights and heights, family history of obesity (family here refers to parents, grandparents, and parents' siblings), and monthly parental income. Body mass indexes (BMIs), the ratio of weight in kilograms divided by height squared in meters, were calculated from the reported parental weight and height data. A validation of self-reported data showed previously that the calculated BMI values may be slightly underestimated (8) . Parents were categorized as underweight, normal, and overweight if their BMIs were < 20, 20 to < 25, and ≥ 25, respectively. Income was divided into 4 groups: <5000, 5000 to <10000, 10000 to <30000, and ≥30000 baht/mo, respectively (1 baht = US$0.04 at the time of the questionnaire).
Assessment of anthropometric outcome
Anthropometric data of subjects in both schools were collected by the same research assistants; one measured weights and heights while the other took skinfold-thickness measurements. The anthropometric measurements were performed 4 times: first, at baseline in June 1995; second, before the semester break (September); third, at the beginning of the second semester (November); and finally, at the end of the study (February 1996) . Subjects were weighed wearing underwear and no shoes. Weights and heights were measured with a beam balance Detecto scale and stadiometer (Detecto Scales, Inc, Brooklyn, NY) to the nearest 0.1 kg and 0.5 cm, respectively. A Harpenden caliper (British Indicators Ltd, St Albans, United Kingdom) was used to take 2 measurements of triceps skinfold thickness (TSF) to the nearest millimeter, which were averaged.
No single index can be considered completely satisfactory in estimating adiposity in children. The 2 indexes used most commonly to determine obesity in humans are BMI and TSF (16) .
BMI measures both lean body mass and fat whereas TSF reflects fatness. With the underwater weighing test as the reference standard, TSF is the best single anthropometric indicator of percentage body fat for children aged 6-12 y (r = 0.84 for boys and 0.83 for girls), whereas BMI has a high correlation with total body fat (r = 0.90 for boys and 0.84 for girls) (17) . Both BMI and TSF were found to be highly correlated in this age group (17, 18) . Weight/height 3 (WHCU; the ratio of weight in kilograms divided by height cubed in meters) was second to TSF in predicting percentage body fat (r = 0.74 for boys and 0.64 for girls) (17) . Because there has been no such study in children < 6 y of age, we chose BMI, WHCU, and TSF as the anthropometric measurement of obesity in our study based on the above findings in older children. To determine the change in these indexes, we used the method described by Moore et al (10) to compute the BMI, WHCU, and TSF slopes of each child. By linear regression analysis, the slope was calculated with repeated anthropometric measurements as the dependent variable and time as the independent variable.
Data analysis
Because recommended BMI and WHCU cutoff values have not been developed for preschool-age children, we used the National Center for Health Statistics (NCHS) TSF data for age and sex (19) as the references to determine prevalence of obesity of the study subjects. A child with a TSF value above the 95th percentile for age and sex was considered obese.
To examine the effect of the exercise program, we compared the 3 anthropometric indexes and their slopes for the exercise and control groups. Only subjects with data for 3 (of 4) measures, including the baseline and the final one, were included in the analysis. We used the t test, analysis of variance, chi-square test, and Spearman correlation to describe subjects' baseline characteristics and explore correlations among variables. The Wilcoxon signed-rank test was used to examine the statistical significance of a reduction in the prevalence of obesity. Multiple linear regressions with anthropometric indexes as dependent variables were computed to show the effect of the exercise program. Potential confounders, namely baseline anthropometric measures, sex, parental BMI status, parental monthly income, family history of obesity, and participation in swim class were included in the model if the partial F test for having that variable was statistically significant. Because of the possible correlation of subjects in the same classroom, we calculated the intracluster correlation of outcome variables and computed all regressions using the cluster option provided by the STATA statistical software program (version 5; 20) to improve the accuracy of estimation of SEs and CIs. Possible effect modification by sex and baseline anthropometric status was also examined.
Longitudinal studies show that adiposity, as measured by BMI, generally remains stable or decreases slightly (equal to or less than zero slope) in preschool-age children (21) (22) (23) (24) (25) and rises, or rebounds, at 6 y of age (21, 23 ). An increasing anthropometry slope was hence taken as representing increasing adiposity in the present study of preschool-age children. To analyze the effect of the exercise program on changes in anthropometric measures, dichotomous outcomes were created for each index with slopes greater than zero classified as increasing. Logistic regression analysis with the increasing slopes as dependent variables was undertaken with adjustment for the aforementioned potential confounders. Only variables that, when included, significantly changed the log likelihood ratio were retained in the model. The cluster option was also applied as mentioned above.
RESULTS
Of 414 second-year pupils, 310 participated in the study (158 exercise and 152 control subjects). Without parental consent, we did not have information about the 104 nonparticipating children. Two hundred ninety-four subjects remained until the conclusion of the study. One subject had only 2 measurements and so was dropped. The other subject from the exercise group was also dropped because he had delayed development and did not fully participate in the exercise program. The total number of children included in the analysis was, finally, 292: 147 (34 from school 1 and 113 from school 2) in the exercise group and 145 (45 from school 1 and 100 from school 2) in the control group. In the experimental group, the median number of absences (days) from exercise was 3 (range: 0-17 d). In school 1, the number of children taking the swim class was 33 (22.5%) and 32 (22.1%) for the exercise and the control groups, respectively.
Mean baseline anthropometric data for children excluded from the final analysis were not significantly different from those included. Their mean (± SD) weight, height, and TSF measures were 18.6 ± 3.5 kg, 106.5 ± 4.8 cm, and 10.6 ± 3.3 mm, respectively. As shown in Table 1 , most of the baseline characteristics of the exercise and control groups were not different. Only the mean TSF value of the control girls was significantly greater than that of the exercise girls (one-tailed t test, P = 0.011). There were correlations among these baseline variables. BMI as well as WHCU had a strong correlation with TSF (r = 0.87 and 0.78, respectively; P = 0.000). Baseline BMI, WHCU, and TSF values were significantly associated with the father's BMI ( 2 test, P = 0.000; Fisher's exact test, P = 0.02 and 0.01, respectively) and family history of obesity ( 2 test, P = 0.005 and 0.001; Fisher's exact test, P = 0.005, respectively). Father's BMI was weakly correlated with mother's BMI (Spearman correlation coefficient = 0.25, P = 0.000).
At baseline, prevalence of obesity with use of the NCHS 95th percentile TSF cutoff was 12.2% and 11.7% for the exercise and the control groups, respectively. At the end of the study, the prevalence of obesity in the exercise group dropped to 8.8% (Wilcoxon signed-rank test, P = 0.058), whereas that of the control group also decreased to 9.7% (Wilcoxon signed-rank test, P = 0.179). Both changes were not significant.
At the end of the study the exercise group had gained, on average, 1.4 kg in weight and 5.5 cm in height, and the control group had gained 1.5 kg and 5.5 cm, respectively. As shown in Table 2 , both groups experienced a reduction of both BMI and WHCU. On the contrary, TSF gain was observed with a higher gain in the exercise group. Among the exercise subjects, girls had less gain in weight and hence had significantly lower mean BMI and WHCU than did the boys (t test, P < 0.01).
The effect of the exercise program on each anthropometric index was investigated by multiple regression analysis as presented in Table 2 . Although the intracluster correlation of anthropometric outcomes was low (intracluster correlation of final BMI = Ϫ0.027, those of final WHCU and final TSF = Ϫ0.019 and Ϫ0.014, respectively), we did all regressions using the cluster option. Whether the partial F test was significant or not, baseline anthropometry was retained in the models. The interaction term of sex and exercise was nearly significant for BMI and WHCU (P = 0.054 and 0.057, respectively). Hence, the regression coefficients are shown separately for girls and boys for these indexes. Although not significant, the results showed a trend of different sex response in weight to exercise. Girls in the exercise group had, on average, a final BMI value 0.28 lower than that of their control group peers (95% CI: Ϫ0.65, 0.09). Their mean final WHCU value was 0.26 lower than that of the control group (95% CI: Ϫ0.64, 0.11). In contrast with girls, boys in the exercise group had slightly higher final BMIs and WHCUs than did the control group (Table 2 ). These differences were not significant. Note that the high R 2 values of these models reflect the strong relations between the baseline and final anthropometric measurements.
For TSF, the effect modification of sex was not apparent. Overall, the exercise subjects had, on average, a final TSF value 0.17 mm lower than that of the control subjects but this differences was not significant. Interestingly, the interaction of partic- ipation in the swimming class and sex on the final TSF outcome was significant (P = 0.018). The mean final TSF of boys in the swim group was 1.04 mm greater than that of those who did not attend the swimming class (95% CI: 0.23, 1.84; P = 0.018). On the contrary, girls who took the swim class had a nonsignificantly lower mean final TSF value (0.18 mm lower) than those who did not (95% CI: Ϫ0.98, 0.62).
The results of logistic regression analysis are shown in Table 3 . The effect modification of sex on the BMI slope-exercise relation was significant (P = 0.001). Among girls, the exercise group had a 68% decrease in the likelihood of having an increasing BMI slope in comparison with the control group. Boys of both groups, on the contrary, had an equal likelihood of having increasing BMI slope. Most subjects in the exercise and the control groups had decreasing WHCU slopes whereas about half of each group had increasing TSF slopes. The effect of the exercise program on either slope was not significant.
DISCUSSION
We found that at the end of our exercise intervention, a reduction of the prevalence of obesity in the exercise group, though not significant (P = 0.057), was greater than that in the control 0.63 Girls 10.1 ± 3.0 11.5 ± 4.0 -Boys 10.4 ± 4.6 9.7 ± 4.0 -1 WHCU, weight in kilograms divided by height cubed in meters; TSF, triceps skinfold thickness. All multiple regression analyses were done by using the cluster option provided by STATA statistical software. Regression coefficients of the models having significant sex and exercise interactions are shown as a breakdown by sex. 2 None of regression coefficients were significant because the 95% CI included zero in each case. 3 Regression was adjusted for baseline BMI, sex, and interaction between sex and exercise. 4 Regression was adjusted for baseline WHCU, sex, and interaction between sex and exercise. 5 Regression was adjusted for baseline TSF group, sex, family history of obesity, participation in swim class and interaction of swim and sex. 1 WHCU, weight in kilograms divided by height cubed in meters; TSF, triceps skinfold thickness. All regression analyses were done by using the cluster option provided by STATA statistical software. Odds ratios of the models having significant sex and exercise interactions are shown as a breakdown by sex.
2 Regression was adjusted for baseline BMI of group, sex, and interaction between sex and exercise. 3 x -± SD. 4 Significant odds ratio; 95% CI does not include 1.
5 Regression was adjusted for baseline WHCU of group, sex, and parental monthly income. 6 Regression was adjusted for baseline TSF of group, sex, and parental BMI status and monthly income.
group. Girls and boys responded differently to our exercise program. Prevention of BMI gain could be shown only in girls. With exercise, the likelihood of having an increasing BMI slope in girls was reduced by 68%. Effects of our exercise program on boys appeared to be in the opposite direction of the study intent. Our finding of a different response by sex to exercise was not seen in previous studies (2, (8) (9) (10) . Other studies, except the Framingham Study (10), were either cross-sectional in design or included older age groups (2, (8) (9) . A study in the same age group as ours, the Framingham Children's Study, found increasing subcutaneous fat in children of both sexes with low levels of physical activity to be significant only in girls. In this previous study, investigators did not intervene with children's activities aside from having them wear an electronic motion sensor and having their parents keep a daily activity log. Our study design, on the contrary, was an intervention to change the routine daily activities and we saw different responses for girls and boys.
Plausible explanations for this difference are as follows. First, girls might have been better behaved and followed the exercise program more strictly than the boys did. Second, because girls are basically less physically active, adding our exercise program into girls' daily activities might have produced a substantial effect on their energy expenditure. Finally, the postexercise eating behavior of the sexes may have been different. One limitation of our study is that daily dietary intake was not recorded. However, our finding that boys in the exercise group having a mean TSF slope greater than that of the girls of both the exercise and control groups and much greater than that of the control group boys seems to support the last hypothesis. The influence of exercise on eating may be strong in nonobese boys because final TSFs, though greater, were still below the 95th percentile values, ie, in the nonobese range.
No control of dietary intake is the other limitation of our study. To avoid possible harmful effects on height development, we did not attempt to restrict subjects' dietary intake. However, our finding of high postexercise TSF gain suggests that a dietary intervention may have additive benefit. Epstein et al (26) showed that reduction of sedentary behaviors, eg, watching television and playing video games significantly decreased the percentage overweight of obese children aged 8-12 y. Moreover, they found that these children increased their liking for high-intensity activity and reported lower energy intakes. Thus, parental guidance to reinforce nonsedentary behaviors and limit high-fat food intake at home may further supplement our school-based exercise program to prevent preschool-age obesity.
Smaller increments in TSF were observed in physically active children by other investigators (9, 10) . In our study, the mean TSF slope of girls of both the exercise and control groups was equal. For boys, a higher rate of TSF change was observed in the exercise group. Apart from the possibility of an effect of exercise on eating, the duration of our study was shorter than that of other researchers. Our findings may reflect a short-term response to exercise. One should not extrapolate from our result that with long-term exercise TSF will increase excessively into the obese range. Final TSFs of our exercise group, though greater than baseline, were still mostly below the obese-95th percentilelevel. Our findings suggest that swimming may also be effective in preventing obesity. Recommending swimming to prevent preschool obesity in Thailand and other developing countries would be unpopular because only a few schools have the required facilities.
Most studies on the relation of exercise to childhood obesity have regarded lack of exercise either as a risk factor (8) (9) (10) or as a component of obesity therapy (6, 27) . Ours was designed to look at the role of exercise as a preventive measure in preschoolage children. However, apart from preventing BMI gain in girls, our results suggest that reduction of obesity in this age group may be possible with a school-based exercise program. A benefit of organizing such an activity is to promote physical activity as a natural and lifelong part of healthy living (28) . Most children at this age are inherently active and have a strong drive for motor activity. Yet obese children and those with a genetic predisposition for obesity will benefit from intervention to encourage daily physical activity. Studies using questionnaires suggested a carryover of physical activity from childhood to the adult years (29) . The effect on adult health outcomes would be incremental if exercise during childhood is promoted and these exercise habits track through life as reported.
